INTRODUCTION
The Commission on New Minerals and Mineral Names (hereafter abbreviated as CNMMN) of the International Mineralogical Association was established in 1959 for the purpose of controlling mineral nomenclature. All proposals for introducing new minerals, changing mineralogical nomenclature, and discrediting or redefining existing minerals and mineral names should be submitted to the CNMMN for approval before publication. If approval is withheld, the proposal should not be published.
This report incorporates material from previous reports on mineral nomenclature and procedures of the CNMMN (Fleischer, 1970; Donnay and Fleischer, 1970; Embrey and Hey, 1970; Hey and Gottardi, 1980; Mandarino et aI., 1984) and represents an attempt to consolidate this information and to present a comprehensive summary of the subject. Where there are differences between this report and the earlier ones, this version is to be regarded as the correct one.
ciently large to require a new mineral name, and each new-mineral proposal must be considered on its own merits. However, a general guideline for compositional criteria is that at least one major structural site should be occupied by a different chemical component than that which occurs in the equivalent site in an existing mineral. But if the presence of an element occurring in a relatively minor amount stabilizes the structure, or if its presence in an occupied site effects a structural change owing to charge or size difference, then consideration may be given to a proposal to create a new name for such a mineral. Generally speaking, a crystallographic difference sufficiently large to justify the creation of a new mineral name is one in which the structure of the mineral is topologically different from that of an existing one.
Example 1. Hydroxyl-apatite and fluorapatite both crystallize in the hexagonal system, with the same space group, and have similar unit-cell parameters. They are considered as separate minerals because the relevant structural site is predominantly occupied by OH in hydroxyl-apatite and by F in fluorapatite.
Example 2. Sphalerite (ZnS)and "marmatite" [(Zn,Fe)S] are both cubic, with the same space group and similar unit-cell parameters, but they are not regarded as separate minerals because the metal structural site is predominantly occupied by Zn in both cases. Marmatite is regarded as a ferroan variety of sphalerite.
Example 3. Graphite and diamond both have the same composition, but their structures are topologically different, and therefore minerals such as these deserve separate names.
Polymorphs
Polymorphic minerals are those that have essentially the same chemical compositions, but different crystal structures. Polymorphs are regarded as distinct species and warrant separate mineral names. If the structures of the polymorphs are topologically similar, it is preferable to give the new polymorph a name that is related to that of the existing polymorph (see "Selection of a Mineral Name," below) rather than giving it a trivial name.
Polytypes
Polytypes have been defined as substances that occur in several different structural modifications, each of which may be regarded as built up by the stacking of layers of (nearly) identical structure and composition, and with the modifications differing only in their stacking sequence (Guinier et aI., 1984) . Polytypes do not merit new names, but can be distinguished by appropriate suffixes. The modified Gard notation recommended by the International Union of Crystallography (Guinier et aI., 1984) is probably more detailed than is necessary for mineral nomenclature since it is generally necessary only to distinguish between polytypes, not to specify them accurately. Consequently, a simplified nomenclature is used; first proposed by Ramsdell (1947) , it consists of a suffix that is an italicized alphabetical character indicating the crystal system and an italicized numerical symbol indicating the multiplicity of the structural unit. The alphabetical characters recommended by the International Union of Crystallography (Guinier et aI., 1984) , and now by the CNMMN, are as follows: cubic, C; hexagonal, H; rhombohedral, R; trigonal, T; tetragonal, Q (quadratic); orthorhombic, 0; monoclinic, M; triclinic, A (anorthic).
Example 4. Wurtzite-4H is a hexagonal polytype with a periodicity of 4 times the c dimension of the wurtzite parent; wurtzite-15R is a rhombohedral polytype with a 15-times periodicity.
Although polytypes are not regarded as mineral species, authors are advised to consult with officers of the CNMMN before introducing new polytype names for minerals into the literature.
Regular interstratifications
New names can be given to regular interstratifications where the kinds of layers, their relative proportions, chemical compositions, and regularity of interstratification have been well documented. For detailed criteria that determine whether the interstratification is sufficiently regular to warrant a species name, the reader is referred to Bailey (1981) . However, any proposed new name must be submitted to the CNMMN.
Example 5. The name aliettite has been given to a 1:1 regular interstratification of talc and trioctahedral smectite.
TYPE SPECIMEN
When a new mineral is described, or an existing one redefined, the author should exercise care in defining its type designation and should ensure that a type specimen is held as permanent reference material by at least one major museum or a nationally recognized mineral collection.
TREATMENT OF NEW-MINERAL PROPOSAL
When the chairman of the CNMMN receives a newmineral proposal, he is authorized to write to the author asking for more data when he considers this desirable, or he may point out possible objections either to the mineral or to the name. If the author so desires, the chairman is required to submit a proposal to the CNMMN whether or not he approves of it. In such cases, the chairman will inform the authors that he will give his reasons as to the unsuitability of the proposal under "Chairman's Remarks." The chairman's abstract of a proposal is sent by air mail to each member of the CNMMN, and approximately 60 days are allowed for receipt of voting papers.
Members of the CNMMN are urged, not only to vote, but also to comment in detail. The chairman is authorized to suspend voting on a proposal to enable more information to be obtained, or he may call for a second vote on a proposal if, in his opinion, important comments are made by members that should be seen by all the members. Second votes have the same voting periods (about 60 days) and require the same majorities as those for original proposals (see below). Any member of the CNMMN who objects to a proposal may ask the chairman to suspend voting or to call for a new vote, but the final decision to do so rests with the chairman.
Abstracts of proposals dealing with "ore" minerals may be sent to some members of the IMA Commission on Ore Mineralogy, at the discretion of the chairman. Similarly, the chairman may submit abstracts of any proposals to other specialists for advisory opinions. Such advisors do not vote, but their comments are considered by the chairman. Serious objections raised by any advisors are to be treated by the chairman as specified above.
Proposals dealing with minerals belonging to mineral groups for which subcommittees have been organized by the CNMMN may be sent to the appropriate subcommittee chairman for circulation among the subcommittee members if the CNMMN chairman thinks such action is advisable. Subcommittee members are invited to submit opinions, and serious objections raised by them are to be treated as specified above.
If two or more proposals for the same new mineral are received by the chairman, the proposal that arrived first in the chairman's office will have priority.
A proposed new mineral will be considered approved if more than half (lh) of the members of the CNMMN vote on the proposal and if more than two-thirds (213) of these members have voted "yes." A proposed name will be considered approved if more than one-half (lh) of the members who vote on the proposal have voted "yes." In assessing the voting results, an abstention is treated as a negative vote. After voting on a proposal is completed, the chairman sends the results to the CNMMN members and to the author of the proposal. He includes the comments of the voting members, but the votes of individual members are not disclosed. Reconsideration of adverse votes can be requested by an author at any time if significant new data or new interpretations are obtained. If a mineral is approved, but not the name, a new name should be requested by the chairman when he notifies the author of the voting results. In cases of repeat voting, approvals of the mineral and the name require the same maj ori ties as in the original voting.
Authors who have described new minerals without names do not have any priority rights on the subsequent naming of such minerals. Any names proposed subsequently have to be approved by the CNMMN, as do the minerals for which the names are proposed.
The publication of nonapproved names or the names of non approved minerals is not condoned. Nonapproved minerals for which descriptions have been published should be treated as unnamed minerals and fall under the provisions of the preceding paragraph.
REDEFINITION, DISCREDITING, OR REVALIDATION OF MINERALS
Whenever possible, the redefinition or discrediting of a mineral should be based on a study of type material. If a type specimen exists and if the original description, 1033 though faulty, represents a reasonable approximation to material on the specimen, the mineral is to be defined by reference to be type material rather than to the original description. This means that errors in the original description cannot be held to discredit a mineral unless the original description was so grossly inaccurate that, in the words of J. D. Dana (1868) "a recognition of the mineral by means of it is impossible." If type material cannot be obtained for study, the investigator may propose a neotype to the CNMMN, clearly stating the efforts made to seek the original type specimen. Both the acceptance of the neotype and approval of the proposal are within the authority of the CNMMN.
If a mineral is shown to be a mixture and one of the components is otherwise new, the name should usually be transferred to the new phase; a proposal to do this must also be approved by the CNMMN before publication.
If the original authors of the mineral to be discredited or redefined are alive, the author of the discrediting or redefinition proposal should write to the original authors asking them to comment on the proposal; these comments should accompany the submission to the CNMMN. The vice-chairman may also choose to contact the original authors independently.
Minor modifications to the definition of a particular mineral do not need to be referred to the CNMMN, but substantial ones do. In general, a redefinition that requires approval by the CNMMN is (1) one that adds or deletes one or more chemical components essential to the definition of the mineral; (2) proposes a new compositionallimit to a member of a solid-solution series; or (3) proposes importan t changes in the structure of the mineral. In case of doubt, the redefinition proposal should be sent to the vice-chairman of the CNMMN for a ruling.
A mineral name may be discredited if it can be shown that the mineral is identical to another one that has priority, or if the name is misleading. All such cases must be submitted to the vice-chairman of the CNMMN for approval. In the examples below, approval is required, except as noted:
Example 6. A case similar to that of johachidolite (Amer. Mineral., 62, 327), in which the elements H, Na, and F were found not to be essential to the mineral.
Example 7. A case similar to that of sarcolite (Mineral. Mag., 48, 107), in which it was shown that F is essential to the mineral.
Example 8. A case similar to that of hauchecornite (Mineral. Mag., 43, 873), in which it was shown that ordering of Bi, As, Sb, and Te on two structural sites warranted redefinition of the original name and the introduction of three new mineral names for end members.
Example 9. A case similar to that of minerals in the amphibole group, in which compositional limits to members of solid-solution series were proposed (Amer. Mineral., 63, 1023) .
Example 10. A case similar to that of pierrotite (Zeit. Krist., 165, 209) , in which one S atom was subtracted from the formula, does not require approval because no essential elements are added or deleted, only their proportion has changed. However, if this change had also been accompanied by a change in symmetry of the mineral, then approval would have been required. Example 11. A case similar to that of onoratoite, originally described as triclinic, but later found to be monoclinic (Acta Cryst., C40, 1506).
Example 12. A case similar to that of mohsite, which was discredited (Can. Mineral., 17, 635) because re-examination of a type specimen showed that it is essentially similar to crichtonite, which has priority over mohsite.
Example 13. A case similar to that of ferroschallerite, which was discredited because re-examination of type material showed that it was not the Fe analogue of schallerite and that it did not have the schallerite structure (Mineral Mag., 48, 271) .
A discredited name should not be used in the literature except to report its discrediting. However, if there is evidence that a previously discredited mineral is valid, a proposal to revalidate the name should be submitted to the CNMMN for consideration.
The treatment of proposals for redefinition, discrediting, or revalidation is analogous to that for the introduction of a new mineral name, and more than a two-thirds (213) majority is required. to approve such proposals.
A list of mineral names discredited by the CNMMN is given as Appendix Table 1. SELECTION OF A MINERAL NAME
Adjectival modifiers
In mineralogical nomenclature, it is important to distinguish the name proper from adjectival modifiers that may precede the name and are not connected to it. An adjectival modifier is not considered to be part of the mineral name and is normally used to indicate a compositional variant, e.g., ferroan manganotantalite, where ferroan is the adjectival modifier that indicates the presence of some ferrous iron and manganotantalite is the name proper. The adjectival modifiers recommended by Schaller (1930) have generally been used in papers published in the English language, but with the greatly increased information about valence states that has become available since that time, it seems appropriate to draw up a new list.
A complete consensus could not be reached by members of the CNMMN on several adjectival modifiers. Although the CNMMN generally recommends that Latinderived prefixes should be used whenever possible (Hey and Gottardi, 1980) , a substantial number of members feel more comfortable with prefixes derived from common English names of chemical elements, e.g., sodium vs. natrium and potassium vs. kalium. In such cases, either version is regarded as acceptable. Table 1 is a list of adjectival modifiers approved by the CNMMN.
In constructing an adjectival modifier that is not in Table 1 , the ending oan is to be used for the ion with the lower valency, and ian for the higher. If the valency of an element in a particular mineral is not known, the adjectival modifier derived from the more likely, or more common, valence state of the element should be used.
An adjectival modifier is an adjective that gives some information on the chemistry of the mineral and is not considered to be a part of the mineral name. Adjectival modifiers should therefore be ignored in the preparation of alphabetical indexes. In some papers, an adjectival modifier is given in the form of a hyphenated prefix composed of a chemical symbol, e.g., Li-tosudite, rather than lithian tosudite or lithium-bearing tosudite. Such usage is incorrect and should be avoided.
Group and varietal names
A mineral name may be used for a group of minerals, e.g., mica, or for a mineral species, e.g., muscovite. Sometimes the species name is also used as a group name, e.g., the pyrite species is a member of the pyrite group. In the past, varieties of minerals have been given special names, e.g., kunzite (a variety of spodumene), but this practice is not approved.
Name selection
Naming a new mineral is the prerogative and responsibility of the senior author of the proposal submitted to the CNMMN for approval, but the choice of a new name is governed by the following guidelines:
The name must be sufficiently different from existing ones to prevent confusion, both in the author's language and in others. Existing mineral nomenclature already displays a number of examples of unfortunate names that are easily confused; names such as celadonite and caledonite or mallardite and malladrite can easily be misspelled; names such as rhodesite, rhodizite, and rhodusite are euphonically very similar. Introduction of new names that can create similar problems must be avoided.
If the new mineral is related to an existing one, it is desirable that this relationship be indicated by the new name, e.g., clinoenstatite for the monoclinic dimorph of enstatite, or magnesiocopiapite for the Mg analogue of copiapite. Such a name should consist of one word only (e.g., magnesiocopiapite, not magnesium copiapite).
Efforts should be made to choose a simple name rather than an excessively complicated one that may be difficult to read or pronounce.
The use of excessively long names should be avoided, as these may cause difficulties in pronunciation, tabulations, and computer databases.
The name of a mineral with essential rare-earth elements (or the chemically related elements Y or Sc) must have a suffix indicating the dominant rare-earth element, e.g., bastnasite-(Ce). Ifa new mineral with the same structure and analogous composition, but with a different dominant rare-earth element, is discovered, it should be given a name that is analogous to that of the existing mineral, e.g., bastnasite-(Y). A suffixof this type is known as a "Levinson modifier" after the author who introduced (Levinson, 1966) . The CNMMN recently decided that the names of all minerals containing essential rare-earth elements, including those introduced into the literature before the publication of Levinson's paper, should be changed into the approved format. A list of these mineral names is given as Appendix Table 2 .
In a few cases, a procedure similar to that described for minerals with essential rare-earth elements has been used for minerals that can contain different substituting elements in one or more structural sites, e.g., jahnsite-(CaMnMg). In general, this type of nomenclature is acceptable in cases where only one substituting element is suffixed, but suffixes consisting of multiple elements are conditionally acceptable in cases where the structure is complex and where the use of such suffixes simplifies the nomenclature.
Suffixes can also be used to indicate crystallographic relationships. This usage has already been noted in the case of polytypes, but it has also recently been extended to minerals that are not polytypes according to the rigorous definition, e.g., hilgardite-3Tc (Ghose, 1985) .
Relationships to other minerals can also be indicated by the use of prefixes, e.g., clinoenstatite, the monoclinic dimorph of enstatite, or magnesiochromite, the Mg analogue of chromite. The use of a hyphen to distinguish the prefix from the root name is to be discouraged, but where an unhyphenated name is awkward and a hyphen assists in deciphering the name, it may be used, e.g., hydroxylbastnasite-(Ce ).
When a chemical prefix is used, Latin-derived prefixes should be used whenever possible, e.g., "ferro" instead of "iron," "plumbo" instead of "blei," etc. (Hey and Gottardi, 1980) . The prefix is an integral part of the mineral name and should generally be treated as such in the preparation of alphabetical indexes; however, an exception can be made in the case of prefixed symbols such as Greek letters or their spelled-out Latin equivalents. A recent decision by the CNMMN permits their positioning after the main name; e.g., {3-roselite may be written as roselite-{3 or roselite-beta.
If the mineral is named after a person with a space or a capital letter in the name, the name should be modified to eliminate them, e.g., mcnearite, not mcNearite; joe-smithite, not joe smithite. Otherwise, the original spelling of the person's name should be retained. If the mineral is to be named after a living person, that person's permission must be obtained by the author, and this should be done prior to the submission of the proposal to the CNMMN. When deciding to name a mineral after a person, it is well to recall J. D. Dana's (1854) precept: "It should be remembered that the use of names of persons eminent in other sciences, or of such as are ignorant of all science, is wholly at variance with good usage and propriety; moreover, an attempted flattery of the politically distinguished is degrading to science, and cannot be too strongly discountenanced."
Although the CNMMN does not have a fixed policy on the use of compounded personal names, some members feel strongly that they should be discouraged, particularly where they become cumbersome or cacophonous, or where they unnecessarily distort the true names of the individual who is supposedly being honored.
If the mineral is to be named after a geographical occurrence, care must be taken to ensure that the spelling conforms to that in use at the locality and should not be taken from translations.
Mineral names proposed in languages that use other than the Latin alphabet shall be transliterated into the Latin alphabet according to the prevalent system operative in the country of origin. In the case of Cyrillic names, transliteration shall follow the British Standard System, which has been adopted by the CNMMN. Diacritical marks must be retained wherever possible, but it is recognized that not all printing establishments have the necessary facilities for printing all types of diacritical marks; in such cases diacritical marks may be omitted.
Reuse of a discredited or obsolete name for a new or redefined mineral is to be discouraged, except when the new mineral is a component of a mixture originally described as a single mineral; in such a case, the original name may be transferred to the new phase. Reuse of a discredited name may also be permitted if there is a good reason why the discredited name is particularly appropriate for the mineral in question, and the discredited or obsolete name has not appeared in the active literature (except for the report of its discrediting) for fifty years. A proposal to reuse an obsolete name must be accompanied or preceded by a proposal to discredit the obsolete name. If the CNMMN does not approve a proposal to reuse a discredited name, the author of the proposal has no priority for the use of the discredited name, although he is free to propose the name again at a future time.
The reuse of an obsolete or discredited name will not be permitted if the name has been used outside the field of mineralogy (e.g., in petrography, metallurgy, paleontology, etc.) or to indicate two or more minerals.
If an artificial substance has been given a name, and a mineral corresponding to that substance is subsequently discovered, the name given to the artificial substance does not necessarily have to be applied to the mineral.
PUBLICATION OF DESCRIPTIONS OF APPROVED MINERALS
Authors of approved proposals should publish descriptions of the minerals covered by these proposals within two years of being notified of the approval by the chairman or vice-chairman. If descriptions of new minerals and discrediting, redefinition, or revalidation of mineral names are not published within that time, the proposals are no longer considered as approved. Any extensions of this deadline must be approved by the chairman or vicechairman, as appropriate.
ADVICE TO EDITORS
Editors of mineralogical and geological journals will do a service to the Earth sciences if they cooperate fully with the CNMMN. All aspects of the nomenclature in submitted manuscripts should be evaluated according to the guidelines given here. Assurance should be sought from authors that they have submitted all matters dealing with mineral nomenclature to the CNMMN and that their proposals have been approved. Unless they have definite proof of approval, editors should consult with their national representatives or with members of the CNMMN executive. Editors should be particularly cautious about the final acceptance of a paper bearing phrases like "has been submitted" or "will be submitted" to the CNMMN. Acceptance of such papers should be delayed until evidence is produced that the nomenclature has been approved by the CNMMN.
In the case of new minerals, editors should insist on evidence that a type specimen of the new mineral has been lodged in at least one major museum or a nationally recognized mineral collection.
It would be appreciated if all journals that publish mineralogical papers included the following statement in their instructions to authors: "This journal follows the rules of the Commission on New Minerals and Mineral Names of the IMA in all matters concerning mineral names and nomenclature. " 
